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Abstract
We study the lepton flavor violating µ− → e−2γ decay induced by the mediation of heavy leptons
such as the excited and fourth generation leptons. We have examined the effects of these leptons in
the µ− → e−2γ decay. We have found that branching ratio of this decay is very sensitive to excited
and fourth generation leptons. Furthermore, we have obtained the bounds on model parameters
by using the current experimental limit of this decay.
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The Standard Model (SM) has been extremely successful at describing the electroweak
interactions. It is in remarkable agreement with the experiments. However, some important
questions are still unanswered in SM, such as the proliferation of quarks, leptons generation
and their mass spectrum. Two suggested solutions for the these problems are existence of
the excited and fourth generation leptons.
SNO collaboration have shown that neutrinos oscillate between families when they propa-
gate over long distances. Therefore, lepton flavor violation can be thought as an experimental
fact [1]. Analysis of the lepton flavor violating µ− → e−2γ decay is very interesting due to two
different parallel and perpendicular polarization of photons. The examination of the photon
spin polarization can provide important information about new physics parameters. With
these motivations, we have examined the phenomenology of excited (ℓ∗) and fourth genera-
tion (ℓ4) leptons in the lepton violating decay µ
− → e−2γ. In this study, we have assumed
that the lepton flavor violation occurs with ℓ∗(ℓ4) − ℓ − γ interaction, in framework of the
effective theory. Current experimental limit of this decay is BR(µ− → e−2γ) = 7.2× 10−11
[2] and we have used this value when obtaining the bounds on model parameters.
The SM is given by three generations of quark and leptons. A rather natural explanation
for these generations is that leptons and quarks composite. They consist of fewer elementary
particles bound by a new strong interaction [3, 4]. The existence of such quark and leptons
substructure should be regarded as the ground state of a rich spectrum of new particles with
new quantum numbers. Phenomenologically, an excited lepton can be assumed as a heavy
lepton sharing leptonic quantum number with the corresponding SM lepton. Until now have
not found any signal for the excited leptons at the HERA ep [5, 6], LEP e+e− [7–10] and
the Tevatron pp¯ [11] colliders. However, in these experiments bounds on model parameters
have been obtained. Excited leptons have been also studied LHC [12, 13] and next e−e+,
eγ colliders [14–17].
The interaction lagrangian between the SM and excited leptons should conform to the
chiral symmetry, therefore light leptons can not acquire radiatively large magnetic moments
[18]. The gauge-mediated effective lagrangian for the anomalous interactions of the excited
leptons with SM leptons is [19–23]
L =
1
2Λ
ℓ
∗
σµν(gf
−→τ
2
−→
W µν + g
′
f
′ Y
2
Bµν)ℓL + h.c. (1)
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where Λ is the compositeness scale which is expected to be Λ < 10 TeV from the experi-
mental and theoretical studies [24–26], g and g
′
are the corresponding electroweak coupling
constants,
−→
W µν and Bµν are the field strength tensors of the SU(2) and U(1).
−→τ and Y are
the generators of the corresponding gauge group. The constants f and f
′
are weight factors
associated with the three SM gauge groups which can be defined in a different new physics
scale Λi = Λ/fi. In the physical basis, the above Lagrangian can be written in more explicit
form
ℓ
∗
σµνℓL +
ge
2Λ
f
∑
ℓ,ℓ
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=νe,e
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,ℓ
µν ℓ
∗
σµνℓ
′
L + h.c.. (2)
where Nµν = ∂µAν − tan θW∂µZν is a purely diagonal term and remaining term is a non-
Abelien part which involves triple as well as quartic vertices with
Θν
∗
e ,νe
µν =
2
sin 2θW
∂µZν − i ge
sin2 θW
W+µ W
−
ν , (3)
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∗,e
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ge
sin2 θW
W+µ W
−
ν ), (4)
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2
sin θW
(∂µW
+
ν − igeW+µ (Aν + cot θWZν)), (5)
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∗,νe
µν =
√
2
sin θW
(∂µW
−
ν + igeW
−
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From equation (2), adding all the contributions, the V ℓ∗ℓ vertex factor is found as follows,
ΓV ℓ
∗ℓ
µ =
ge
2Λ
qνσµν(1− γ5)fV . (7)
Here V = γ, Z,W and q is the momentum of the V , fV is the electroweak coupling parameter
and defined for photon as fγ = Qff
′
+ I3L(f − f ′). In this study we have assumed f = f ′.
The Feynman diagrams for the µ− → e−2γ are shown in Fig.1. The matrix element
squared for this process can be obtained as follows,
3
|M |2 = 2g4e
(
fγ
Λ
)4
m2
∗
s2β(m2µ + s(1− βz))
×
(
1
(q21 −m2∗)2
+
1
(q22 −m2∗)2
+
2
(q21 −m2∗)(q22 −m2∗)
)
(8)
This calculation have been performed with using the center of mass frame of the outgoing
photons. Here s = (p1 − p2)2 = (k1 + k2)2, q21 = (p1 − k1)2 = (p2 + k2)2, q22 = (p1 − k2)2 =
(p2+k1)
2, β = m2µ/s−1, z = cos(θ) and m∗, mµ are masses of the excited lepton and muon
respectively. We have neglected the mass of the electron. The partial decay widths dΓ can
be obtained with using Eq.8 as
dΓ
dsdz
=
1
29π3m2µ
(
s
Eµ
)
β
1
2
1
2
|M |2, (9)
where Eµ = (s+m
2
µ)/(s
√
s) is the muon energy in corresponding mass frame.
In Fig.2a,b the magnitude of the m∗ for different fγ/Λ values is shown. As we can see
from the figure, the branching ratio is very sensitive to the m∗ and fγ/Λ. We have obtained
lower bounds on the m∗ > 650 GeV for fγ/Λ = 5 TeV
−1, m∗ > 302 GeV for fγ/Λ = 1/m∗
and m∗ > 102 GeV for fγ/Λ = 2 TeV
−1 as can be seen from the figure. Fig.3 represents the
excluded area for the m∗ and fγ/Λ when the BR(µ → e−2γ) = 7.2 × 10−11. The excluded
area is over the curve.
The flavor democracy hypothesis suggests the fourth generation family in SM [27–29].
Due to large mass of the t quark, its anomalous interactions should be enhanced compared to
that of the other SM fermions as discussed in Ref.[30]. Therefore, fourth generation leptons
(ℓ4) masses are expected to be heavy [31] and therefore it can be expected that can make a
remarkable contribution to new physics. As discussed in [32, 33], the effective lagrangian for
the anomalous interactions of the fourth family charged leptons with photon can be written
as follows,
L =
(
κℓiγ
Λ
)
elgeℓ4σµνℓiF
µν + h.c. (10)
where κℓiγ is the anomalous coupling for the neutral currents with a photon, Λ is a new
physics energy scale, el is the electric charge of the leptons, ge is the electromagnetic coupling
constant, F µν is field stress tensor of the photon and σµν = i[γµ, γν ]/2.
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The Feynman diagrams for the µ− → e−2γ induced by fourth generation leptons can be
obtained by replacements ℓ∗ → ℓ4 in Fig.1. The whole polarization summed amplitude has
been calculated in two photons mass frame as,
|M2| = 16g4e
(κγ
Λ
)4
s2β(1 + z)(2m24 +m
2
µ − s(1− βz))(m2µ + s(1− βz))
×
(
1
(q21 −m24)2
+
1
(q22 −m24)2
+
2
(q21 −m24)(q22 −m24)
)
(11)
where m4 is the mass of the fourth generation lepton and other physical parameters are
same as those discussed in section II. In Fig.4a, we present the magnitude of the m4 for
different κγ/Λ. Similar to excited leptons, the branching ratio is very sensitive to the new
physics parameters; m4 and κγ/Λ. We have obtained lower bounds on the m4 > 2000
GeV (not shown in the figure) for κγ/Λ = 5 TeV
−1, m4 > 590 GeV for κγ/Λ = 1/m4
from the Fig.4a and m4 > 805 GeV for κγ/Λ = 2 TeV
−1, m4 > 198 GeV for κγ/Λ = 1
TeV −1 from the Fig.4b. Fig.5 represents the excluded area for the m4 and κγ/Λ when the
BR(µ− → e−2γ) = 7.2× 10−11. The excluded area is over the curve.
The lepton flavor violating decay µ− → e−2γ can allow us to understand the new physics
idea. In addition, this decay can exist in tree level with the existence of excited and fourth
generation leptons.
Initially, we have introduced the effect of the excited leptons on µ− → e−2γ decay. As
can be seen from the Fig.2, branching ratio of µ− → e−2γ strongly depends on the excited
leptons. Obtained bounds on model parameters of the excited lepton complementary to
current experimental bounds [5–11]. In table I, we have recapitulated the limits at HERA,
LEP and Tevatron in comparison with our result for fγ/Λ = 1/m∗. The expected LHC
limits (480−1000 GeV) are much stronger than our limits [12, 13]. However, with the more
accurate future experiments, it would be possible to check the effects of excited leptons and
provide us important information about the bounds on parameters of this model.
Next, we have examined the fourth generation leptons. The branching ratio of µ− → e−2γ
decay is shown in Fig.4. It can be seen from this figure that branching ratio is very sensitivity
to fourth generation leptons. There is no experimental results for the fourth family leptons
yet. However, the bounds on m4 have been obtained next ep and eγ colliders [33, 34]. In
these studies, obtained bounds on m4 lies between 500 − 1500 GeV for different κγ/Λ and
collider energies. Our obtained limits are comparable with these limits.
5
As a result, measurements of upper limits of branching ratio’s of µ− → e−2γ can give
important information for the excited and fourth generation leptons.
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TABLE I: The obtained limits at HERA, LEP and Tevatron with their references and obtained
limits in this paper. Lower bounds of m∗ are given in units of GeV.
fγ/Λ = 1/m∗
HERA LEP Tevatron BR(µ− → e−2γ)
228 − 272 103− 295 221 302
[5, 6] [7–10] [11]
FIG. 1: Feynman Diagrams for µ− → e−2γ .
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FIG. 2: Variation of the branching ratio (BR) with m∗ for (a) fγ/Λ = 5 TeV
−1, 1/m∗ and (b)
fγ/Λ = 1, 2 TeV
−1 .
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FIG. 4: Variation of the branching ratio (BR) with m4 for (a) κγ/Λ = 5 TeV
−1, 1/m∗ and (b)
fγ/Λ = 1, 2 TeV
−1.
10
 0
 0.5
 1
 1.5
 2
 2.5
 3
 100  200  300  400  500  600  700  800  900  1000
κ
γ /
 Λ
(T
eV
-
1 )
m4(GeV)
BR=7.2x10-11
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area is over the curve.
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